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Objective: To evaluate the diameter of the ﬂexor tendons in preoperative magnetic reso-
nance  imaging (MRI) examinations and compare this with the diameter of the graft obtained
intraoperatively.
Methods: This was a retrospective longitudinal epidemiological study. Forty-four patients
were  eligible for the study and their MRI examinations and surgical data were evaluated.
The  tendons were measured on MRI across their largest diameter in the axial plane, using the
medial epicondyle of the femur as the slice level. In the surgery, routine graft preparation
was  performed, consisting of folding the gracilis and semitendinosus tendons to form a
four-strand graft. Its measurement was recorded.
Results: To evaluate the association between the variables, Pearson’s correlation coefﬁcient
was  estimated. A signiﬁcant correlation was found between the measurements of the gra-
cilis  and semitendinosus tendons and the ﬁnal diameter of the graft (p < 0.001). A ROC curve
was  ﬁtted to the sum of the tendon diameters in order to determine a cutoff point associated
with the graft diameter (≤8 mm or >8 mm). If the sum was greater than 5.28 mm,  the chance
of  obtaining a graft larger than 8 mm would be 75%.
Conclusion: Measurement of the diameters of the gracilis and semitendinosus tendons
through a preoperative MRI examination is a simple and effective way to predict the ﬁnal
size of the graft to be used in ACL reconstruction surgery. Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora©  2016 SociedadeLtda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
 Study conducted at Hospital Universitário Cajuru, Pontifícia Universidade Católica do Paraná (PUC-PR), Curitiba, PR, Brazil.
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ttp://dx.doi.org/10.1016/j.rboe.2016.06.002
255-4971/© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora Ltda. This is an open access article
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Predic¸ão  do  diâmetro  do  enxerto  dos  tendões  ﬂexores  na  reconstruc¸ão do
ligamento  cruzado  anterior  por  meio  da  ressonância  nuclear  magnética
Palavras-chave:
Ligamento cruzado anterior
Reconstruc¸ão do ligamento
cruzado anterior
Espectroscopia de ressonância
magnética
Procedimentos ortopédicos
r  e  s  u  m  o
Objetivo: Avaliar o diâmetro dos tendões ﬂexores em exames de ressonância magnética
(RNM) pré-operatória e comparar com o diâmetro do enxerto obtido no ato intraoperatório.
Métodos: Em um estudo epidemiológico longitudinal retrospectivo, 44 pacientes foram
elegíveis ao estudo e tiveram os exames de RNM e dados de cirurgias avaliados. Os tendões
foram medidos na RNM no seu maior diâmetro no plano axial com o uso do epicôndilo
medial do fêmur como nível de corte. Na cirurgia foi feito preparo de rotina do enxerto,
dobraram-se os tendões grácil e semitendinoso, formou-se um enxerto quádruplo que teve
sua  medida registrada.
Resultados: Para a avaliac¸ão da associac¸ão entre as variáveis foi estimado o coeﬁciente de
correlac¸ão  de Pearson. Foi encontrada correlac¸ão signiﬁcativa entre as medidas dos tendões
grácil  e semitendinoso e o diâmetro ﬁnal do enxerto (p < 0,001). Ajustou-se uma curva ROC
para a soma do diâmetro dos tendões, para a determinac¸ão de um ponto de corte associado
ao  diâmetro do enxerto (≤ 8 mm ou > 8 mm). Caso a soma seja maior do que 5,28 mm,  a
chance de obter um enxerto maior do que 8 mm é de 75%.
Conclusão: A medida do diâmetro dos tendões grácil e semitendinoso no exame da RNM
pré-operatória é uma maneira simples e eﬁcaz na predic¸ão do tamanho ﬁnal do enxerto a
ser  usado na cirurgia de reconstruc¸ão do LCA.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este e´ um artigo Open Access sob uma licenc¸a CC BY-NC-ND (http://Introduction
Rupture of the anterior cruciate ligament (ACL) is the most
common knee ligamentous injury, affecting over 100,000 peo-
ple annually in the United States. Its incidence has been
increasing due to a greater stimulus to and practice of sports
by the population.1,2
The ACL originates in the posterior portion of the lateral
femoral condyle and inserts laterally and anteriorly to the
medial tibial spine. It features an intra-articular and extrasyn-
ovial course, with a mean length of 38 mm and a mean
diameter of 11 mm.3–5
Currently, it is known that the ACL is composed of two sets
of ﬁbers or bands: one anteromedial (AM) and another pos-
terolateral (PL). At the femoral origin, the AM band emerges
more proximally and posteriorly, while the PL band emerges
more  distally and anteriorly. The bands are twisted along their
path in the intercondyle zone, and the tibial insertion follows
the order which gives them their name: anteromedial for the
AM and posterolateral for the PL.5–8
Surgical treatment based on ligament reconstruction is rec-
ommended for most ACL injuries. Currently, there are several
options for grafts to replace it; the ﬂexor tendons (semitendi-
nosus and gracilis), patellar tendon, and quadriceps tendon
are most used.2,9 Choice should consider proﬁle and patients’
age, type of sport, associated lesions, and surgeons’ experi-
ence. The ideal graft has not been deﬁned yet; some studies
show that grafts with diameters less than 7 mm are associated
with a higher chance of failure and relapse.10–13
Along with the advancement of imaging, preoperative
measurement of the diameter of the tendons on magneticcreativecommons.org/licenses/by-nc-nd/4.0/).
resonance imaging (MRI) is possible, which is the gold
standard imaging study for the diagnosis of this injury, allow-
ing an objective parameter for the graft to be chosen in ACL
reconstruction prior to surgery.1,2,14–20
This study aimed to evaluate the diameter of the ﬂexor ten-
dons on preoperative MRI and compare with the diameter of
the graft obtained intraoperatively.
Material  and  methods
After approval by the Reseach Ethics Committee through the
Platform Brazil website, under the Certiﬁcate of Presenta-
tion for Ethical Assessment (Certiﬁcado de Apresentac¸ão para
Apreciac¸ão Ética [CAAE]) No. 39346814.4.0000.0020, 100 MRI
scans and data from surgeries performed between 2012 and
2014 were collected and reviewed for this retrospective, longi-
tudinal, epidemiological study.
Inclusion criteria comprised skeletally mature patients
with complete ACL injury and no history of previous ligament
or degenerative injuries. Exclusion criteria were: previous
surgery, ligamentous laxity, chronic use of steroids, and
dysplasia of the intercondylar notch (width of the distal
femur/condylar fossa < 0.2).
After subject selection according to inclusion and exclusion
criteria, 44 patients were eligible for the study.
Variables of this study were measured on MRI  studies by
a single radiologist using the following equipment: Achieva
1.5 T (Philips Healthcare, Best, The Netherlands) and HDx 1.5 T
(GE Medical Systems, Milwaukee, USA). All studies were made
using the proton density technique with fat suppression. On
MRI, the semitendinosus and gracilis tendons were measured
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Fig. 1 – Measurement of diameter of the semitendinosus
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Table 1 – Graft diameter.
Graft diameter n %
6 1 2.3
7 3 6.8
8 24 54.5
9 14 31.8
cilis + semitendinosus and graft diameter. Fig. 5 presents the
scatter plot of both variables. Each point corresponds to one
case.
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Gracilis
Diam 6 Diam 7 Diam 8 Diam 9 Diam 10nd gracilis tendons.
t their largest diameter in the axial plane, considering the
edial epicondyle of the femur as the cutoff level (Fig. 1).
During surgery, tendons were removed by standard fashion
echnique through a closed tenotomy. Graft was prepared as
sual: the gracilis and semitendinosus tendons were folded,
orming a quadruple graft. The prepared graft had its diame-
er measured before drilling the bone tunnels in the tibia and
emur. These data were recorded at the surgical report of the
atients.
tatistical  analysis
o evaluate the association between variables, Pearson’s cor-
elation coefﬁcient was estimated. The assessment of the use
f the gracilis and semitendinosus variables as predictors of
raft diameter was made through simple and multiple linear
egression models; to assess the association of the sum of the
racilis and semitendinosus with the probability that the graft
iameter was greater than 8 mm,  a logistic regression model
as adjusted. Wald’s test was used to assess the signiﬁcance
f the coefﬁcients.
Regarding the sum of the gracilis and semitendinosus for
etermining a cutoff point associated with graft diameter
≤8 mm or >8 mm),  a ROC curve was adjusted. p-values < 0.05
ere considered to be statistically signiﬁcant.
Data were analyzed with IBM SPSS v.20.0.
esultsf the 44 patients studied, 33 were male (75%) and 11 female
25%). Age ranged from 11 to 54 years, with a mean of 31.8
ears.10 2 4.5
Total 44 100
Mean diameter of the gracilis tendon on MRI  was 2.17 mm,
ranging from 1.45 to 2.76 mm,  while mean diameter of the
semitendinosus was 2.96, ranging from 2.52 to 3.73 mm.
During surgery, mean size of grafts used for ACL recon-
struction was 8.3 mm,  ranging from 6 to 10 mm (Table 1).
Fig. 2 shows the scatter plot graph of the semitendinosus
and gracilis variables, highlighting the difference of coordi-
nates according to the diameter of the graft.
Data  correlation
Gracilis  ×  graft  diameter
Pearson’s correlation coefﬁcient was estimated to be 0.59, and
the test result was statistically signiﬁcant (p < 0.001). Thus,
there was a signiﬁcant correlation between the gracilis and
graft diameter. Fig. 3 presents the scatter plot of both variables.
Each point corresponds to one case.
Semitendinosus  ×  graft  diameter
Pearson’s correlation coefﬁcient was estimated to be 0.59, and
the test result was statistically signiﬁcant (p < 0.001). Thus,
there was a signiﬁcant correlation between the semitendi-
nosus and graft diameter. Fig. 4 presents the scatter plot of
both variables. Each point corresponds to one case.
Sum  of  gracilis  +  semitendinosus  ×  graft  diameter
Pearson’s correlation coefﬁcient was estimated to be 0.74, and
the test result was statistically signiﬁcant (p < 0.001). Thus,
there was a signiﬁcant correlation between the sum of gra-Fig. 2 – Scatter plot of the gracilis and semitendinosus
variables.
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Table 2 – Gracilis + semitendinosus as a predictor of graft diameter.
Diameter estimated by the model Diameter observed in the sample
6 7 8 9 10
n % n % n % n % n %
6 0 0% 0 0% 0 0% 0 0% 0 0%
7 1 100% 1 33.3% 2 8.3% 0 0% 0 0%
8 0 0% 2 66.7% 19 79.2% 6 42.9% 0 0%
9 0 0% 0 0% 3 12.5% 8 57.1% 1 50%
10 0 0% 0 0% 0 0% 0 0% 1 50%
Total 1 100% 3 10
3.02.82.62.42.22.01.81.61.41.2
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Pearson’s correlation coeficiente:
0.59 (P<.001)
between graft diameter ≤8 mm or >8 mm.
A logistic regression model was adjusted, considering the
sum of gracilis + semitendinosus as the explanatory variableFig. 3 – Gracilis × graft diameter.
Pearson’s correlation coefﬁcient for both tendons showed
a moderate positive correlation power, which indicates a ten-
dency that the larger the diameter of the patients’ tendon,
the greater the ﬁnal diameter of the graft obtained for ACL
reconstruction.
Assessment  of  the  quality  of  the  sum  of
gracilis  +  semitendinosus  as  a  predictor  of  graft  diameter
To evaluate the sum of gracilis + semitendinosus as a predic-
tor of graft diameter, a simple linear regression model was
3.83.63.43.23.02.82.62.42.22.0
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Pearson’s correlation coeficiente:
0.59 (P<.001)
Fig. 4 – Semitendinosus × graft diameter.0% 24 100% 14 100% 2 100%
adjusted, and the sum was considered as an explanatory
variable (independent) and the diameter of the graft as the
response variable (dependent). The adjusted model was:
Estimated diameter = 2.618 + 1.107 (gracilis +
semitendinosus).
The estimated diameter for each single value of the sum
of gracilis + semitendinosus should be rounded to the nearest
integer. For example, for a particular case whose sum of gra-
cilis + semitendinosus is equal to 6.51, the estimated value of
the diameter will be:
Estimated diameter = 2.618 + 1.107 × 6.51 = 9.82.
The result diameter to be considered is equal to 10.
Based on the study sample, Table 2 presents the scores
obtained with the model for each particular graft diameter.
As a result of interest, the determination coefﬁcient was
55%. Thus, it was estimated that 55% of the diameter varia-
tions were explained by the gracilis + semitendinosus.
Assessment  of  the  quality  of  the  sum  of
gracilis  +  semitendinosus  as  a  predictor  of  graft  diameter
≤8 mm  or  >8  mm
The analysis presented below aimed to evaluate whether
the sum of gracilis + semitendinosus would discriminate well6.66.46.26.05.85.65.45.25.04.84.64.44.24.03.8
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0.74 (P<.001)
Fig. 5 – Sum of gracilis + semitendinosus × diameter of the
graft.
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Table 3 – Probability of graft diameter.
Gracilis + semitendinous Probability of graft diameter
greater than 8 mm
3.5 0.001
4 0.005
4.5 0.035
5 0.201
5.5 0.632
6 0.922
6.5 0.988
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Table 4 – Sensitivity and speciﬁcity according to the
cutoff point.
Gracilis + semitendinosus Graft diameter (mm)
≤8 >8
≤5.28 24  4
85.7% (specif) 25%
>5.28 4  12
relation between the sum of the semitendinosus and gracilis
areas measured on MRI with values above 18 mm2 and the
achievement of a suitable-sized graft in 88% of cases.7 0.998
nd the diameter of the graft (≤8 mm or >8 mm)  as the depend-
nt variable. The null hypothesis that there is no association
etween the sum gracilis + semitendinosus and the probability
hat the graft diameter is >8 mm was tested against the alter-
ative hypothesis that there is such an association. The test
esult indicated the rejection of the null hypothesis (p = 0.001)
nd indicated that the sum of gracilis + semitendinosus sig-
iﬁcantly inﬂuences the probability that the graft diameter is
8 mm.
Table 3 and Fig. 6 present the values of the sum of gra-
ilis + semitendinosus and the respective probability that the
raft diameter is >8 mm,  estimated by the adjusted model.
etermination  of  a  cutoff  point  for  the  sum  of
racilis  +  semitendinosus  that  is  associated  with  graft
iameter  ≤8  mm  or  >8  mm  (ROC  curve)
 ROC curve was adjusted for the sum of gra-
ilis + semitendinosus and considered the diameter of the
raft (≤8 mm or >8 mm).  The area under the curve was 0.87,
ith statistical signiﬁcance (p < 0.001). This indicates that the
urve ﬁt is good and the sum of gracilis + semitendinosus
iscriminates well between diameter ≤8 mm or >8 mm.
The optimal cutoff point for the sum of gra-
ilis + semitendinosus was equal to 5.28, with sensitivity
f 75% and speciﬁcity of 85.7%. Table 4 presents these results.
Sensitivity: probability that the sum of gra-
ilis + semitendinosus is >5.28 if the graft diameter is
8 mm.
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Gracilis+Semitendinosus
6 76.5
Fig. 6 – Probability of graft diameter.14.3% 75% (sensit)
Total 28 16
Speciﬁcity: probability that the sum of gra-
cilis + semitendinosus is ≤5.28 if the graft diameter is
≤8 mm.
Fig. 7 shows the adjusted ROC curve.
Fig. 8 presents the sensitivity and speciﬁcity values for var-
ious values of the sum of gracilis + semitendinosus.
Discussion
In this study, a signiﬁcant correlation was observed between
the measurements of the diameter of the tendons on MRI  and
the size obtained in surgery.
No studies were retrieved in the literature in which mea-
surements were made in a similar way, i.e.,  measuring the
tendons of the semitendinosus and gracilis at their largest
diameter in the axial plane with the cutoff level at the medial
femoral epicondyle.
Beyzadeoglu et al.1 observed statistical signiﬁcance in the
measurement of the cross-sectional area of the ﬂexor tendons
measured at two levels on MRI and graft size obtained intra-
operatively in 51 patients. The diameters were also measured
at these two levels. However, no signiﬁcant correlation was
observed.
In a similar study, Bickel et al.19 observed a signiﬁcant cor-1.0
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0.60.40.20.0
1-specificity
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Fig. 7 – ROC curve.
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Fig. 8 – Sensitivity and speciﬁcity for various values of the
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1In another study, Wernecke et al.16 examined the area
of the tendons of 34 patients on MRI  and recommended a
10 mm2-area for the gracilis tendon and a 17 mm2-area for
the semitendinosus tendon to obtain a suitable sized graft,
considering a quadruple graft.
Hamada et al.18 measured the semitendinosus area at MRI
in 79 patients and demonstrated that, when the area is larger
than 11 mm2, a graft greater than or equal to 7 mm is achieved
during surgery in 89% of cases.
Differently, Yasumoto et al.20 showed that prediction of the
graft size is possible by examining three-dimensional com-
puted tomography in 28 patients.
Other studies have attempted to predict the chance of fail-
ure in ACL reconstruction using data such as gender, age,
weight, height, and bone mass index (BMI). These studies,
in general, have shown that eutrophic (>50 kg) and short
(>140–147 cm)  women are more  likely to have grafts smaller
than 7 mm.9,13,15
Magnussen et al.10 analyzed graft size and age of patients
as predictors of early revision ACL reconstruction. Authors
demonstrated that the use of grafts smaller than or equal to
8 mm and patients younger than 20 years are associated with
higher rates of revision surgery.
In the present study, we  demonstrated that prediction of
the graft size that will be obtained for ACL reconstruction is
possible by measuring the diameter in the axial plane with the
cutoff level at the medial femoral condyle.
Through measurements and the proposed algorithm, an
estimated diameter of 2.618 + 1.107 (gracilis + semitendinosus)
can indicate the approximate graft size.
Another method to assess whether the graft will have an
appropriate size is summing the diameters of the tendons. If
sum of gracilis + semitendinosus is greater than 5.28 mm,  the
probability of obtaining a graft greater than 8 mm is 75%.
Probably, with a greater number of cases, especially those
with grafts smaller than or equal to 7, results will be even more
accurate to predict graft diameter.
11 6;5 1(4):405–411
Conclusion
This study demonstrated that measuring the diameter of the
gracilis and semitendinosus tendons on preoperative MRI  is
a simple and effective method to predict the ﬁnal size of the
graft to be used in ACL reconstruction surgery.
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